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Abstract

South Korea and North Korea share the same environment on the Korean peninsula, but
they differ in socio-economic conditions, which leads to differences in crop productivity
and status of food security. This study aimed at assessing food security in South Korea
and North Korea by analyzing food demand and supply from 1991 to 2020. Food security
was assessed by determining whether the food supply met the demand in two countries.
South Korea achieved food security due to decreasing consumption, diverse nutrition,
and stable rice productivity despite a reduction in cultivated paddy areas. In contrast,
North Korea has faced food insecurity for 30 years, caused by a growing population,
a lack of dietary diversity, and low crop productivity. To overcome food shortage, the
North Korean government needs to focus on improving agricultural productivity through
comprehensive reforms of agricultural infrastructures, rather than simply expanding low-
productive cultivated areas. Although this study was conducted with limited data for
North Korea, it sought to collect and utilize open and publicly accessible data. In the long
term, both South Korea and North Korea should prepare for the impacts of climate change,
considering agriculture-related sectors such as water and energy.

Keywords: food security; food supply and demand; EPIC model; crop productivity

1. Introduction

Food is vital to human survival. As the global population has increased, food demand
has also grown [1]. The problem is that available land for expanding food cultivation
is limited [2]. Although enough food is produced globally;, it is not properly distributed
according to demand [3]. The concept of food security was raised under this mismatch
between food demand and supply.

Food security appeared during the 1970s due to the global food crisis, and international
governments tried to reduce the insecurity level. For example, the United Nations (UN)
set food-related goals with Goal 1 to eradicate extreme poverty and hunger under the
MDGs (Millennium Development Goals) in 2000, and with Goal 2, targeting zero hunger,
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under the SDGs (Sustainable Development Goals) in 2015 [4]. However, there are still
lots of countries under food shortages. Countries experiencing food insecurity in 2023
include those in sub-Saharan Africa, the Middle East, and parts of Southeast Asia [5]. In
general, the crop productivity of these countries is low and highly dependent on food
imports. This trend is expected to continue under climate change scenarios [6]. One of the
reasons that these countries are severely impacted by climate change is the poor quality of
infrastructure for agriculture, relying more on rain-fed systems rather than irrigation [7].
This kind of agricultural infrastructure is classified as a socio-economic factor [8]. If low
productivity levels of countries adopt appropriate socio-economic conditions, they can
improve their productivity. Also, under climate change, crop productivity will highly
depend on these socio-economic factors which contribute to mitigating environmental
limitations [9,10].

One major socio-economic factor is land use policy, which affects the area of land
cover and food security [11,12]. For instance, policy related to the area of land use results
in the expansion or reduction of cropland due to urbanization or agricultural protection.
Urbanization reduces cultivated areas [13-16], but protecting agriculture directly affects
the area of cropland [17-19]. These kinds of socio-economic factors contribute to the
different levels of crop production despite the natural environmental conditions. South
Korea and North Korea are good examples to explain this point. Even though the two
countries on the Korean peninsula share natural environments, such as climate, topographic
factors, soil types, and other aspects affecting agriculture, their agricultural socio-economic
environments have differed since the 1960s. Under these conditions, the level of food
security appears to diverge between the two countries, but no studies have compared their
food security status or have analyzed the influence of socio-economic conditions. Therefore,
this study aimed to assess the level of food security in South Korea and North Korea over
30 years.

Previous studies have estimated food security using the demand and supply con-
cept [20-24]. Some studies have been carried out at the international level, analyzing food
wedges of the future [23] or studying food security using an economic model [24]. Other
studies have used case study approaches, adopting the Mann—Kendall trend test and Sen’s
slope [20], virtual land use and ecological footprint analysis [21], and the Cobb-Douglas
production function and scenario analysis method [22]. These studies have mainly fo-
cused on environmental risk, such as climate change and natural disaster [20,22] or land
demand [21] in terms of food supply. Further studies have considered only food demand
or supply using various methods [3,6,25-27]. One study adopting the demand concept
suggested ways to alleviate global food inequalities using cropland demand per capita
based on food consumption and crop productivity through a decomposition analysis [3].
Another assessed global self-sufficiency in the context of increasing food demand due
to population growth, climate change, diet, and agricultural improvement. The research
estimated country-specific self-sufficiency ratios using the total estimated kcal production
and the corresponding demand for individual countries, and, based on the resulting ra-
tios, evaluated the self-sufficiency of each country [6]. Some studies have adopted the
supply concept to simulate and predict crop yield as a measure of food supply using
machine learning, such as the EPIC (Environmental Policy Integrated Climate)-IIASA
model combined with extreme gradient boosting and random forests [25], the hybrid
ANN-MLR approach (Artificial Neural Network and Multiple Linear Regression) [26], and
deep learning techniques such as CNNs (Convolutional Neural Networks) [27]. Studies
considering the Korean peninsula as the study area have simulated rice yield using satellite
data with meteorological data [28-30]. Also, a study applied deep learning using satellite
and climate data to predict rice yield in South and North Korea [31]. Previous studies have
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adopted various methods to estimate food security and food demand and supply, with
some studies highlighting food supply rather than both demand and supply. Although
one study covered food supply and demand analysis, it concentrated on investigating the
relationship between climate, production, and population rather than food security assess-
ment [20]. In other words, no research has combined food demand and supply to assess
food security.

Therefore, we adopted the food demand and supply approach and assessed food
security from 1991 to 2020 in South Korea and North Korea, comparing the countries to
analyze how their socio-economic conditions affect food security. Food demand and supply
analysis did not cover all food categories and only focused on the main staples in each
country, rice and maize. We estimated food supply and demand based on a process-based
crop yield model of each country and spatially assessed food security by comparing food
demand and supply in South Korea and North Korea. The second section presents the study
area, materials, and methodology used. The third section presents the results, estimating
the food demand and supply of each country and assessing food security. The fourth
section contains the discussion, and the final section provides the conclusion.

2. Materials and Methods
2.1. Study Area

The Korean peninsula, located in Northeast Asia, is surrounded by China, Russia,
and Japan (Figure 1a). North Korea and South Korea share similar natural environments
and cultural features due to their common origins. The region experiences a continental
climate with four distinct seasons: spring, summer, autumn, and winter. Most precipitation
occurs during the summer. The topography of the peninsula features long mountain ranges
stretching from the northeast to the southeast, while plains dominate the western region
(Figure 1b). Cropland covers around 20% of the total land area on the Korean peninsula,
and the main cultivated crop is paddy rice. Both countries have traditionally considered
paddy rice as their staple food. Since the 1980s, the paddy rice cultivation area in South
Korea has exceeded 50%, while in North Korea it accounts for more than 30%. Although
the proportion of land used for paddy rice cultivation is lower in North Korea, maize serves
as an alternative staple grain. The area dedicated to maize cultivation in North Korea is
around 30%, similar to that of paddy rice. Together, rice and maize occupy more than half
of the cropland area in North Korea, making them major factors affecting the country’s
food security. Therefore, this study focuses on paddy rice and maize as the staple crops in
both countries to assess food security over a thirty-year period.

Both South Korea and North Korea have the same natural environmental conditions,
such as climate and topography. However, the two countries have different socio-economic
conditions, which affects the level of crop productivity and food security as well. Therefore,
it is important to assess the two countries’ food security and compare their socio-economic
conditions, like cropland policies.
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Figure 1. (a) Location of study area: South Korea and North Korea. (b) Cropland in the 2010s based on
land cover map provided by the Ministry of Environment (South Korea) (Sources: Esri, DigitalGlobe,
GeoEye, i-cubed, USDA FSA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS
User Community).

2.2. Materials

The data used in this research included climate, topographic, agricultural, and statistical
data. The climate, topographic, and agricultural data were inputs for the EPIC model. The data
was collected from national databases because of their long-term coverage, and high resolution
because of regional specificity, but if unavailable, we used international databases.

Climate data were collected from the Korea Meteorological Administration (KMA),
which provides station-based weather data: the data for South Korea were collected from
its stations, and those for North Korea were taken from the station data submitted to the
World Meteorological Organization. Topographic data included Digital Elevation Model
(DEM) generated using the Shuttle Radar Topography Mission (SRTM), land cover maps
(1990s, 2000s, and 2010s) provided by the Ministry of Environment in South Korea, and the
Modified Harmonized World Soil Database from the International Institute for Applied
Systems Analysis (IIASA). Agricultural data included planting schedules, such as seedling
dates, growing periods, and harvest times after germination, used to calculate crop produc-
tivity. This information was collected from the Rural Development Administration (RDA)
in South Korea and used to optimize the model for the Korean peninsula’s environment.
Statistical data included population figures for food demand from the World Bank data
and the ratio of cultivation areas for food supply from Statistics Korea (paddy rice) and
Food and Agriculture Organization (FAO) (maize). Additionally, rice and maize yield data
from Statistics Korea, FAO, and the United States Department of Agriculture (USDA) were
used for comparison (Table 1).
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Table 1. Data collected for EPIC model.

Temporal (Spatial)

Category Dataset Resolution Source
Daily maximum
temperature (°C)
Daily minimum
temperature (°C) K Met logical
. : — N orea Meteorologica
Climate data Daily precipitation (mm) 1981-2020 Administration
Daily average wind
velocity (m/s)
Daily average relative
humidity (%)
Digital Elevation
Model (DEM) (24 m) -
Topographical data Land cover maps 1990s, 2000s, 2010s (30 m) Ministry of Environment
Modified Harmonized ) International Institute for Applied
World Soil Database Systems Analysis
. . Rural Development
Agricultural data Planting schedules - Administration
Rice yield 1991-2020 Statistics Korea
Maize vield in Statistics Korea, Food and
Nor thyKorea 1991-2020 Agriculture Organization, United
States Department of Agriculture
Statistical data (Paddy rice) Statistics Korea
Ratio of cultivation area 1991-2020 (Maize) Food and Agriculture
Organization
Annual rice consumption 1991-2020 Statistics Korea

per capita (South Korea)

2.3. Methods

To assess food security, we estimated both food demand and supply and the annual
food security status to identify the level of self-sufficiency in each country. Food demand
was calculated using the annual population and annual amount of cereal recommended
(North Korea)/actual intake (South Korea) per capita. Food supply was estimated using
the major crops’ productivity from the EPIC model and the ratio of crops’ cultivated
area, due to a lack of spatial data to identify the staple crop areas or ratio over thirty
years. There are various crop simulation models, such as the Decision Support System
for Agrotechnology Transfer (DSSAT) Model, the Elementary Crop Growth Simulator
(ELCROS) Model, Crop Estimation through Resource and Environment Synthesis (CERES),
and the WOFOST Model [32]. Among these models, the EPIC model is a bio-physical model
and simulates long-term and large-scale crop yields adopting agro-environmental factors,
like agricultural management systems and soil stress [33,34]. It was developed in 1985 by
the USDA and is widely used, considering climate, soil features, level of fertilizer, and
other agricultural infrastructure [35,36]. This model can estimate crop production under
future climate change scenarios at the global level [37] and can be optimized for region-
specific applications [38]. It also provides the distribution of potential crop productivity.
Therefore, we adapted EPIC with agricultural infrastructure settings to match crop yields
from statistical data in each country. After running the model, the productivity of each crop
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was spatialized. Agricultural infrastructure is especially important for paddy rice, such as
the level of irrigation and amount of fertilizer, which highly affects rice productivity on the
Korean peninsula. The spatial data were extracted from cropland maps for each decade and
multiplied by the ratio of each crop’s cultivated area. Food supply from EPIC was compared
with statistics from Statistics Korea (South Korea), FAO, and USDA for validation.

3. Results
3.1. Estimate of Food Demand and Supply in South Korea

Food demand in South Korea was estimated using the total population per year
and the annual amount of rice intake per capita from 1991 to 2020. Unlike North Korea,
the government in South Korea collected the actual amount of rice consumption. The
total population increased from 43.2 million to 51.8 million [39], but the amount of intake
per capita in South Korea gradually decreased from 116.3 kg (kilogram) to 57.7 kg [40].
Therefore, food demand in South Korea was reduced from 5 million tons to 2.9 million tons,
almost a 58% reduction (Figure 2).

(unit: persons) (unit: ton)
60,000,000 6,000,000
50,000,000 5,000,000
40,000,000 4,000,000
30,000,000 3,000,000
20,000,000 W 2,000,000
10,000,000 1,000,000
0 0
(Year) F S S \qu Qq'\\qq%\qqq W’Q@ FFFFTEES E O D2 s P DD

I O I S S N S R G S N Y
CFood demand in South Korea JFood demand in North Korea

——Total population in South Korea——Total population in North Korea

Figure 2. Total population and food demand in South Korea and North Korea (1991-2020).

To estimate food supply, the EPIC model was run to calculate rice productivity from
1991 to 2020, spatialize the rice productivity on cropland by extracting from land cover
maps, and multiply the rice productivity, the ratio of rice paddy cultivated area, and the
milling rate (92.9%), converting brown rice to white rice (the higher the ratio, the lower
the loss). Most of the cropland in the country was in the western regions, where the
plains are. The area of paddy rice gradually decreased from 1.2 million ha in 1991 to
0.7 million ha in 2020, about a 60% reduction due to declining consumption. Over thirty
years, the productivity ranged from 0.026 t/ha (hectares) to 8.675 t/ha and was more evenly
distributed compared to that in North Korea. In 1997, the average rice productivity was at
the lowest level and at the highest in 2014 (Figure 3). The average productivity was around
5t/ha, and the trend was not sustainable over the last thirty years.
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8.675

0.026

2017 2018 2019 2020

Figure 3. The distribution of paddy rice productivity in South Korea cropland (1991-2020) (unit:
t/ha) (Sources: Esri, DeLorme, HERE, TomTom, Intermap, increment P Corp., GEBCO, USGS, FAO,
NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong
Kong), swisstopo, MapmyIndia, and the GIS User Community).

The annual rice yield was reduced not because of the productivity level but because of
the decreasing cultivated area, ranging from 5.73 million tons in 1991 to 3.95 million tons in
2020. Also, the average of each decade was 4.78 million tons in the 1990s, 4.45 million tons
in the 2000s, and 3.80 million tons in the 2010s, while the productivity level was sustainable.
For example, the average rice productivity was 5.18 t/ha in the 1990s, 5.13 t/ha in the 2000s,
and 5.29 t/ha in the 2010s. Even though there were some gaps between the rice yields from
EPIC and statistical data in 1997 and 2018, the general trends of the two datasets matched
(Figure 4) [41].
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Figure 4. Rice yield between statistical data and EPIC in South Korea (unit: tons).

3.2. Estimated Food Demand and Supply in North Korea

To estimate food demand in North Korea, we adopted the total population by individ-
ual year and United Nations World Food Plan (UN WFP)’s recommended cereal amount
per year. In the case of North Korea, the government does not collect data on staple food
consumption, but the UN has consistently provided estimated values due to concerns about
the country’s food security. According to the UN WEP, it recommends 600 g of grain per
capita daily. The annual recommended amount per capita was 219 kg. The total population
in North Korea has gradually increased from 21.1 million to 25.8 million [39]. Compared
to South Korea, where about 50 million people live, the population in North Korea is less
than half that number, but food demand in North Korea increased from 4.62 million tons in
1991 to 5.66 million tons in 2020. This represents about 22.5% growth over the last 30 years,
proportional to the rate of population growth (Figure 2).

Even though the process of calculating food supply in North Korea was similar to
that for South Korea, the total food supply was calculated as the sum of the amounts of
annual paddy rice and maize. Also, North Korea’s milling rate is 72%, as assumed by the
South Korean government due to the low level of agricultural infrastructure. The cultivated
regions are on the western side of the country, similar to South Korea. The total cultivated
area in North Korea has remained constant at about 1.9 million ha over the last 30 years.
The area of paddy rice was about 0.59 million ha in the 1990s, 0.6 million ha in the 2000s,
and 0.56 million ha in the 2010s, accounting for about 30% of the overall cultivated area [41].
The maize cultivated area was about 0.61 million ha in the 1990s, 0.5 million ha in the 2000s,
and 0.53 million ha in the 2010s, accounting for about 28% [42,43].

Over the 30 years, paddy rice productivity ranged from 0.0009 t/ha to 8.184 t/ha. The
minimum level of average productivity appeared in 2018 and the maximum in 2015. In
general, the regions with higher productivity were in the midwestern and northwestern
areas, where plains dominate. Lower productivity occurred in the southern part of North
Korea (Figure 5). The average productivity rate was around 3 t/ha in the 1990s, 2000s, and
2010s. Therefore, the average rice yield was 1.65 million tons in the 1990s, and it increased
to 2.29 million tons in the 2000s despite a consistent area of cultivated land. In the 2010s,
it decreased to 1.74 million tons due to a reduction in cultivated area. For comparison,
crop yield from EPIC and statistical data from Statistics Korea, FAO, and USDA were
collected [44,45]. The annual rice yield from EPIC during the 2000s was overestimated
compared to the other data, but the general trends of these data were similar (Figure 6).

In the case of maize cultivation, the range of productivity was 0.409-7.108 t/ha. The
lowest average productivity appeared in 1992, and the highest in 2001. Compared to paddy
rice productivity, maize productivity was equally distributed spatially and temporally.
There were maize productivity gaps between the regions, but they were not dramatically
wider than in the case of rice. The outcomes show that topographic conditions did not have
much influence on maize cultivation, unlike paddy rice. Also, the time-series productivity
was consistent. For example, the average productivity per decade was around 2.5 t/ha
(Figure 7). As a result, the average maize yield was 1.54 million tons in the 1990s and
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1.55 million tons in the 2000s. However, in the 2010s, it increased to 1.74 million tons due to
expansion of the maize cultivated area (Figure 6). The annual maize yield from the model
is consistent with the other data but sometimes underestimated.

The food supply was calculated as the total amount of paddy rice and maize per year.
It was highly affected by rice yield because rice yield was generally larger than that of
maize. For example, in 2006, 2009 and 2018, even though the amount of maize was the
same as the previous years, that of rice declined dramatically. This resulted in a decreased
supply. However, food supply peaked at over 4.5 million tons per year in 2001, 2008, 2013,
and 2015 because of higher crop yields (Figure 8).

£

59 N

S #

8.184

0.009

Figure 5. The distribution of paddy rice productivity in North Korea cropland (1991-2020) (unit:
t/ha) (Sources: Esri, DeLorme, HERE, TomTom, Intermap, increment P Corp., GEBCO, USGS, FAO,
NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong
Kong), swisstopo, MapmyIndia, and the GIS User Community).
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Figure 6. Comparison of crop yield (paddy rice and maize) between statistical data and EPIC in
North Korea: (a) annual rice paddy yield and (b) annual maize yield.

7.108

0.409

Figure 7. The distribution of maize productivity in North Korea cropland (1991-2020) (unit: t/ha)
(Sources: Esri, DeLorme, HERE, TomTom, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS,
NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, MET], Esri China (Hong Kong),
swisstopo, Mapmylndia, and the GIS User Community).
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Figure 8. Food supply in North Korea: total amount of paddy rice and maize yields per year.

3.3. Assess Food Security from 1991 to 2020

Food security in South Korea for the last 30 years was assessed using food demand
and supply. The country’s food demand has decreased since 1991 despite population
growth from 43 million to 51 million because of a sharp reduction in rice consumption by
50% (116.3 kg to 57.7 kg). In general, the food supply was sufficient to meet the demand
except for one year. In the 1990s, the average demand was 4.7 million tons and the average
supply was 6.0 million tons. Even though the supply did not match the demand in 1997,
food was secured in the other 9 years. During this period, the average demand and
supply were higher than in other periods because of high rice consumption and a high
ratio of paddy rice cultivation. Therefore, the gap was the narrowest compared to the
other two decades, the 2000s and 2010s. In the 2000s, both the average food demand and
supply dropped compared to the previous decade, by 3.8 million tons and 5.6 million tons,
respectively. During this period, the food supply matched the demand. The gap between
average demand and supply was wider than in other decades, at 1.7 million tons, due to a
slowdown in population growth and a slow reduction in paddy rice cultivated areas. In
the final period, the 2010s, the average food demand was 3.2 million tons and the average
supply was 4.7 million tons. As in the previous decade, food supply met the demand. The
average demand and supply were lowest compared to the other two decades due to a
gradual reduction in rice consumption, population growth rate, and area of paddy rice
cultivation. However, the gap was 1.4 million tons, which was not the lowest (Figure 9).

Z

—

—

—
=
—

—

——

0%

10%

20% 30% 40% 50% 60% 70% 80% 90% 100%
mFood demand ™ Food supply

Figure 9. Food security assessment using food demand and supply in South Korea (1991-2020).

Assessment of food security in North Korea was conducted the same way as in South
Korea. Food demand gradually increased from 1991 due to population growth from
21 million to 25 million, despite a consistently recommended cereal amount. However, the
food supply was not enough to satisfy the increasing demand for 30 years. The average
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food demand in the 1990s was 4.9 million tons and the average supply was 3.2 million
tons. This period was the most insecure of the three decades assessed. Even though the
cultivated areas for two major crops were the largest, especially maize, the average food
supply was the lowest. Also, population growth was greater than in the other periods.
Therefore, the difference between average supply and demand was severe. In the 2000s,
both the average demand and supply increased compared to the previous period. The
average demand was 5.3 million tons and that of supply was 4.1 million tons. Population
growth began to slow down, and areas of paddy rice increased by reducing the area of
maize. The 2000s remained a period of food insecurity, but the gap between demand
and supply was lower than in the other two decades. In the last decade, the 2010s, food
insecurity worsened compared to the 2000s. The average food demand was 5.5 million tons
and the average supply was 4.0 million tons. The food demand was the highest at this time
because of the increase in population. However, the cropland for major crops was lower
than in other periods, especially for paddy rice. Therefore, the supply did not match the
food demand, and North Korea remained food insecure (Figure 10).

2019

2017 ‘?
2015 §

2013

2011
2009
2007

2005
2003

=
—
2001 %
1999 Y
=

1997
1995
1993
1991

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
mFood demand ™ Food supply

Figure 10. Food security assessment using food demand and supply in North Korea (1991-2020).

4. Discussion

This study assessed food security in South Korea and North Korea from 1991 to 2020.
Previous studies have mainly focused on estimating crop yields [28-31]. However, this
study adopted not only food supply (crop yields) but also demand to evaluate the food
security of the two countries over 30 years. They have the same environmental conditions
but have had different socio-economic environments after the Korean War. Therefore, it
is significant to assess the food security of both countries to understand the discrepancies
affecting food insecurity.

According to the food security assessment, South Korea achieved food security except
in 1997, but North Korea was food insecure from 1991 to 2020 (Figure 9). These results
originated from not only food demand but also the supply. In the case of food demand,
South Korea and North Korea have gradually increased in population, from 43 million to
51 million in South Korea and from 21 million to 25 million in North Korea. Even though the
rate of population growth in South Korea was twice that in North Korea, their consumption
rates of staple crops differed. North Korea maintained the recommended amount of cereal
from WEFP, 219 kg per year, without national statistics, but rice consumption per year in
South Korea reduced from 116.3 kg to 57.7 kg based on national data. People living in
South Korea have changed their dietary patterns because they have opportunities to intake
diverse nutrients and alternatives since participating in trade [46]. However, North Korea
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is isolated from international trade and trades only with select countries, such as China
and Russia [47,48]. This prevents the country from reducing their cereal dependency. In
summary, South Korea experienced a population increase of about 8.5 million while halving
their rice consumption due to better nutrient dietary patterns, while North Korea doubled
its population while maintaining high cereal dependency.

Food supply should align with demand to achieve self-sufficiency. The average rice
productivity in South Korea was more than 5.2 t/ha for 30 years. Even though the culti-
vated area of paddy rice has decreased, productivity has remained constant. On the other
hand, in North Korea, the average rice yield was 3.58 t/ha and that of maize was 2.52 t/ha
from 1991 to 2020. The major reason for this gap is the level of agricultural infrastructure.
Especially when cultivating paddy rice, the irrigation level is a key factor in improving the
productivity level [49]. South Korea has been repairing its agricultural waterways since
the 1970s under the rural area development plans (Saemaeul Undong) (Figure 11) [50-52].
North Korea initiated the reformation of overall irrigation systems in the 2000s, but the
quality of waterway infrastructure was still low [53-55]. It was inefficient in increasing
crop productivity [56]. Furthermore, the two countries differ in the effectiveness of their
domestic agricultural policies. In South Korea, agriculture is not the national key industry,
unlike in North Korea. However, the country has concentrated on promoting heavy chem-
ical industries under the ‘3rd Five-Year plan’ since 1972, and at the same time, it has set
up a rural development plan called ‘Saemaul Undong’ to balance urban and rural areas
and prevent food prices from skyrocketing [51]. According to the rural development plan,
the agricultural infrastructure required to improve productivity have been successfully
promoted in South Korea [57]. In the case of North Korea, it considers agriculture as its
core industry. The government designed the ‘National Economic Development plan” in
1961 to improve the agricultural and other economic sectors, but it was not successfully
implemented. In particular, the three development plans before the 1990s were not com-
pleted as planned due to slow progress (Figure 11). The development plans ended in
1993, and during the 2000s, the country focused on afforestation. In the 2010s, it adopted
an agroforestry approach (forest rehabilitation and development with an agroforestry ap-
proach (2013~2022)) [58], expanding cropland on the slope areas to overcome chronic food
shortages. Staple crops, especially rice or maize, were cultivated on upland slopes between
8 and 15 degrees [59]. However, the effectiveness of the agricultural policies in North
Korea was limited in achieving food security because most of the agricultural policies
in North Korea aimed to expand the cultivated areas without considering improvement
in productivity.

The assessment of food security in South Korea and North Korea showed that socio-
economic discrepancies can affect the level of food security under the same environmental
conditions. Therefore, the North Korean government should consider balanced nutrition
and effective agricultural policies. The country faces a lack of dietary diversity with high
cereal demand, almost four times higher than that in South Korea. This unbalanced nutri-
tion intake lowers the level of food security. In this sense, South Korea has achieved both
quantity and quality of food security by lowering rice dependency. Also, the agricultural
policies of South Korea have been effective in promoting paddy rice productivity in spite
of a decrease in paddy rice areas. In North Korea, the productivity level is lower than
that of South Korea because of ineffective policies. This country should develop policies
reflecting not only quantity (areas) but also quality (productivity), rather than focusing on
only one aspect.
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Figure 11. Farmland- and agriculture-related strategies and legislation in South Korea and North Korea.
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In the long term, it is essential to consider climate change impacts. Climate is the
core variable in cultivating crops, and its change will shift productivity levels and growing
conditions. Some studies have already covered the potential crop productivity and yields
under climate change [60-62], and others have suggested considering climate extremes
for cultivating crops [63]. In particular, North Korea, which has poor infrastructure for
cultivation, is highly vulnerable to the impacts of climate change. To reduce its vulnerability,
adaptive capacity should be improved. This means that under the same environmental
conditions, the level of adaptive capacity will determine the level of vulnerability to
damages [64]. Agriculture is one of the main sectors to be directly impacted by climate
change and climate extremes. Therefore, it is essential to improve the adaptive capacity of
agriculture to achieve food security. In the future, food will not be an independent sector
but interdependent on others, such as bioenergy, water management, etc. It is important to
combine agriculture with these sectors for sustainable food production [4,65].

This study did not specifically spatialize the crops’ productivity due to a lack of
spatial data, and it used statistical data as an alternative to estimate the values. In the
future, it would be better to identify staple crops’ locations in the Korean peninsula via
the classification of crop characteristics and to estimate accurate productivity and yields.
Even though this research was executed under a lack of data, it covered a relatively long
period, 30 years, to assess food security, considering both food demand and supply, unlike
previous studies.
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5. Conclusions

The international community has made significant efforts to reduce hunger and famine
by supporting food aid and technology transfer to improve crop yields. Increasing domestic
crop productivity is one of the key methods to secure food security under the concept of
self-sufficiency. Previous studies have aimed at estimating or predicting crop yield on
the Korean peninsula. South Korea and North Korea share the same natural environment
but have experienced different socio-economic conditions for about 80 years. This study
assessed food security in two countries over the last thirty years (1991~2020), adopting both
food demand and supply perspectives. The results indicate that South Korea has achieved
food security because of balanced nutrition, well-managed agricultural infrastructure, and
effectively implemented policies. On the other hand, North Korea has not secured adequate
food supplies and has suffered from chronic food shortages, unbalanced nutrition, poor
infrastructure, and ineffective policy promotion. A limitation of this study is that it did not
spatialize the crop productivity due to a lack of data. For future research, classifying the
land cover is recommended to identify paddy rice and maize productivity on the Korean
peninsula. This will contribute to improving the accuracy of crop production estimates.

This study suggests that the socio-economic environment can significantly improve
crop productivity. This will become even more important under climate change. Therefore,
countries should adapt climate-smart technologies for sustainable food production before
climate change adversely affects national crop productivity.
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